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. PURPOSE
This procedure describes the formulation and make-up of Simulated Cement-Modified Waters (SCMW), which are aqueous solutions to be used for Activity E-20-50 "Long-Term Corrosion Studies." These solutions simulate the changes to "representative" Yucca Mountain water chemistry because of prolonged contact with "aged" cement. The "representative" water was chosen as J-13 well water [Harrar, 19901 . J-13 well water is obtained from ground water that is in contact with the Topopah Spring tuff, which is the repository horizon rock.
Water influx into the drifts and, hence, potential water contact with the waste packages is expected to occur a long time after the waste packages have been emplaced in the drifts. The cement in the drifts will "age" during this time at elevated temperatures. The chemical composition of the cement will change due the high temperatures and the exposure to gaseous carbon dioxide [Meike, 19971 . It is therefore assumed that if water does interact with the cement prior to contacting the waste packages it will contact "aged" cement rather than fresh "young" cement.
The composition of the SCMW was calculated by assuming that J-13 water was allowed to equilibrate with "aged" cement [Meike, 19971 . The calculations were performed with the EQ3/6 software program.
(Results of the calculations are contained in Scientific Notebook #303 .)
The calculated compositions of the SCMW at 60 and 90°C are given in Table 1 l It is anticipated that there will be some differences between the actual composition of test solutions and these calculated values. The pH of the solutions will initially be controlled to near the calculated value. The vessel to vessel variation of solution compositions is of limited significance to the testing, since similar type materials are to be tested in the same test vessel.
Two points are worth mentioning with regard to the choice of the aqueous solution chemistry. First, the fast transport of water through the cement obviously will not allow for much interaction / exchange 
COMPOSITION OF SCW AND REACTANT AIR

. Aqueous Solution Composition
The Simulated Cement Modified Water (SCMW) has a ionic composition that has been calculated to result from extended contact of J-13 well water with "aged" cement (see Scientific Notebook #303). J-13 well water is obtained from ground water that is in contact with the Topopah Spring tuff, which is the potential repository horizon rock.
The composition of J-13 well water is given in Table 1 . Only ions with concentration greater than 0.5 ppm are included in this table. Minor constituents have been detected in J-13 well water; these include Li, B, Al, Mn, Fe, Sr, and PO4 ions. These constituents haie been reported in the lo-100 pg/liter concentration. The most consistently determined minor constituents are Li and B at mean (several studies) concentrations of 48 and 134 pg/liter, respectively. The minor constituents are not explicitly included in the SCW. However, the reagent chemicals have some impurities, which may include the above noted impurities. These minor constituents at the reported concentrations are not expected to significantly effect the corrosion of the test specimens. Simulations of equilibrium concentrations resulting from contact of J-13 well water with "aged" cement were run using EQ3/6 (see scientific notebook #303). The compositions of the SCMW at 60 and 90°C that result from the simulations are given in Table 1 . Examples of the chemicals and their quantities used to prepare the solutions are given in Section 5.1. The actual compositions of the test solutions . . may vary somewhat from the simulations, however, it is the general composition of the solutions that determines the corrosive nature of the solutions. In addition similar type materials are tested in the same test vessel, so vessel-to-vessel variation of solution composition is of limited significance.
. Reactant Air
Reactant air is compressed building air which has been punfied to remove hydrocarbons and water. Air will be purified by flowing through a Whatman Zero Air Generator (see Section 6.0). Nominal flow rates through each test vessel will be 200 ml/min. Air will exit through a condenser to remove water; this greatly reduces the amount of water loss from the test vessels.
Reactant air serves two purposes: 1) it keeps the oxygen content of the vessels constant, and 2) the slightly pressurized test vessel will keep the potentially contaminated room air out of the test vessels.
. REAGENTS AND FORMULATION
. Reagent Chemicals
In order to obtain the solution composition given in Table 1 The inclusion of numerous chemicals in the spreadsheet allows the user the freedom to choose the needed chemicals based on availability, cost, and personal preference.
The algorithm to arrive at reagent concentrations was a trial and error method. The quantities of reagents required was estimated, and the spreadsheet calculated the total ionic content of the simulated solution. Iteration was continued until an acceptable match was achieved.
A few guidelines were used in choosing the reagents. The more soluble salts (minerals) were chosen.
Also dissolved silica will be obtained by the addition of sodium silicate. (Calculations showed that dissolution of solid silica phases would take extended periods of time (>1000 days) in order for suffi- A typical example of chemicals used to make-up of the aqueous solution are listed in Table 2 along with the quantities required per 1000 I of solution. The chemicals and the quantities used in making up the test solutions will be listed in the Scientific Notebook or electronic media. The make up of the test solutions requires large quantities of low ionic content water is required. The use of LLNL de-ionized water is acceptable. This water has an ionic content typically less than 1 ppm.
The source of the water used in testing will be recorded in the scientific notebook.
. Reactant Gas
The reactant air will be purified before entering the test vessels.
. EQUIPMENT
A balance that can measure to 0. This air purifier removes hydrocarbon to 0.1 ppm.
. PROCEDURE
The following procedure will be followed in making-up of the Simulated Cement Modified Water solutions for the test vessels:
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Purified water is emplaced in the cleaned vessel; the liquid level is slightly less than the required depth for testing. (Need to account for rise in water level due to the specimens and racks, and the density decrease due to raising the water temperature to the test temperature.)
The amount of purified water added to the test vessels is estimated.
The required amounts of reagent chemicals is determined and entered in the scientific notebook or electronic media.
The purified water is heated to a nominal temperature of 40°C. This will accelerate reactions that occur in solution.
The water will be stirred. The stirrer mounted on the vessel is sufficient.
Add chemicals to water. No particular order is required for chemical additions except that sulfuric acid will be the last chemical added to the test vessel.
Concentrated sulfuric acid shall be diluted 500-1000 times the required volume using deionized water and then added to the test vessel.
The vessel is sealed and brought to testing temperature for at least 24 hours.
The specimen racks are inserted into test vessel.
A sample of the test solution is withdrawn for analysis approximately a day after the leve reaches the normal operation set point.
of water
Note: The liquid level in the test vessels will self-adjust to the required level. If the liquid level is low, the liquid level control system will add purified water. If the liquid level is high, water removal by the air purge will occur; this may be slow but it will occur. It is preferable to add water rather than to remove water, since the control system shuts down the heaters when the liquid level is above a certain height. 
